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(54) Continuously variable transmission with at least two pumps connected in series/parallel 



(57) Continuously variat)le transmission, in particu- 
lar for a motor vehicle, provided with a primary pulley 
mounted on a primary shaft, a secondary pulley 
mounted on a secondary shaft, and a drive belt running 
over t)oth pulleys, each pulley comprising two sheaves, 
one of which is movable axially relative to the other 
under the. influence of a hydraulic cylinder, for setting 
the transmission ratia a pumping unit with at least two 
pumps for delivering hydraulic medium to the hydraulic 
cylinders, and a control unit for controliing the pump 
delivery depending on the operating conditions of the 
transmission. The pumping unit comprises at least two 
pumps, the first of which serves as a booster pump for 
the second purnp connected 1n series. A switch valve is 
fitted, fc)y means of which, under the control of the con- 
trol unit the two pumps can be switched over from 
series connection to parallel connection if the volume 
flow of the medium required by the transmission is 
greater than the available volume f bw in the series con- 
nection. 
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Description 

The invention relates to a continuously variable 
transmission, in particular for a motor vehicle, provided 
with a primary pulley mounted on a primary shaft, a sec- 
ondary pulley mounted on a secondary shaft, a drive 
belt running over both pulleys, each pulley comprising 
two sheaves, one of which is movable axially relative to 
the other under the influence of a hydraulic cylinder, for 
setting the transmission ratio, a pumping unit with at 
least one pump for delivering hydraulic medium to the 
hydraulic cyfinders. and a control unit for controlling the 
punrp delivery depending on the operating conditions of 
the transmission. 

Such a continuously variable transmission is known 
from patent publication DE 3727633 and is used in par- 
ticular in vehicles, but also has other applications. The 
transmission ratio of the transmission is set by axial 
movement of at least one of the sheaves of the pulleys, 
as a result of which the effective radius of the drive belt 
between the pulleys is changed and the transmission 
ratio changed accordingly. The axial movement of the 
sheave or sheaves is produced by means of hydraulic 
cylinders, to which medium is fed by way of a pumping 
unit. The pressure and the volume flow of the medium 
must at an times be such that the required axial move- 
ment of the sheaves is obtained, while the drive belt is 
also clamped reliably between the pulleys in such a way 
that no slipping can occur. The required pressure and 
volume flow of the medium supplied by tiie pumping unit 
can vary greatiy. depending on the operating conditions, 
during operation of the transmissfon. For example, said 
pressure and volume flow depend on the situations in 
which the motor vehicle finds Hself. both stationary situ- 
ations with substantially constant speeds and non-sta- 
tionary situations during switching actions and sudden 
pressure changes. 

A serious problem in Vhe case of the abovemen- 
tioned continuously variable transmission, both in sta- 
tionary and In non-stationary situations, is the noise 
level, to which the pumping unit makes an important 
contribution. This pump noise is caused by the pressure 
gradients arising white the hydraulic medium is being 
brought to pressure, while at)Ove a certain speed of 
rotation of the pump shaft noise also occurs as the 
result of cavitation and is ttien dominant, but the greatiy 
fluctuating mechanical loads within the pumping unit 
also contribute to the noise. 

I=6r instance, at high speeds of tiie pump shaft cav- 
itation can occur in the volume flow fluough the fact tiiat 
the suction pressure at the inlet side of the pump falls 
below tiie vapour pressure of the medium, for example 
oil. Such cavitation produces not only a high and very 
disturbing noise level, but also greater wear on tiie 
punrp in question. Moreover, pressure changes 
imposed by the operating conditions can occur in the 
medium, high pressure gradients of. for example, 
upwards of twenty bar occurring within a millisecond. 



Such pressure gradients cause noise. 

The object of the invention is to overcome tiie 
abovementioned prokilems and to indicate a solution to 
the abovementioned disadvantages. This is achieved 

5 according to the invention in ttie case of a continuously 
variable transmissfon of the type mentioned in the pre- 
amble by the foct that the pumping unit comprises at 
least two pumps, the first of which serves as a booster 
pump for tiie second pump connected in series. 

10 As a result of this embodiment according to the 
invention, said booster punp connected in series brings 
the suction pressure at ttie inlet of the second pump 
akx)ve the vapour pressure of ttie medium. This solution 
ensures tiiat tiie cavitation caused, and ttie subsequent 

15 noise production, and wear are greatiy reduced. In addi- 
tion, as a result of a suitable pressure distribution over 
botti pumps, in the case of series connection the pres- 
sure gradient falling upon each individual pump can be 
smaller, witti flie result ttiat ttie oonresponding noise 

20 occurring is less. When more than two pumps con- 
nected in series are used, tiie pressure gradient falling 
upon each pump can be proportionately smaller. 

An additional msgor advantage is that through use 
of a switch valve belonging to tiie pumping unit the two 

2S pumps can be switched over from sakj series position to 
parallel position if a high volimie f fow of the medium is 
needed fbr tiie transmissfon. for example when driving 
off or accelerating sharply. As a resuft of this parallel 
connection, the required high volume flow can actually 

30 be supplied by both pumps together. 

it goes without saying ttiat said at least two pumps 
can consist of separate pumps a of pump parts wittiin a 
pump. In the tatter case an additional advantage is 
obtained from ttie tact ttiat, as a resuft of ttie s^es con- 

ss nectfon according to the invention, partial hydraulfo bal- 
ancing occurs wittiin ttie pump, ttiereby making the 
resufting bearing foad much tower. 

ft is known per se from European Application 
91200987.5 to connect two pumps in parallel. Depend- 

40 ing on the operating condftions of the transmission, the 
full volume flow of botti pumps connected in parallel or 
ttie volume ffow of only one of ttie pumps can be used, 
white ttie other is swftched off completely. For this pur- 
pose, it is possible to use a control valve by means of 

45 which said other pump to be switched off is rendered 
pressureless if ttiere is no need for a delivery from ttiis 
punip for the transmission. This switching is used only 
to obtain better eftidency in energy consumption 
ttirough ttie fact ttiat medium is no longer needlessly dr- 

50 culated. 

The invention will be explained in greater detail on 
ttie basis of an exemplary embodiment wfth reference to 
ttie drawings, in which: 

55 Rgure 1 gives a diagram of a continuously variable 
transmissfon from ttie prior art; 
Figure 2 gives a diagram of ttie pumping urut 
according to ttie invention, wfth two pumps con- 



2 




3 EP0 826 

nected in series; 

Figure 3 gives a diagram of the pumping unit 
according to the invention, with two pumps con- 
nected in parallel: 

Figure 4 shows a section of a variant of the switch s 
valve from the embodiments of Rgures 2 and 3; 
and 

Figure 5 shows a graph as an example of the vol- 
ume flow belonging to the embodiments of Rgures 
2 and 3 as a function of the pump speed. io 

Figure 1 shows a hydraulicAnechanical continu- 
ously variable transmission for a motor vehicle as 
known from the prior art. However, it will be dear that 
the present invention can be used in a corresponding is 
manner in other types of continuously variable or auto- 
matic transmissions which are controlled by electronic, 
hydraulic or other means. 

The continuously variable transmission comprises 
a primary shaft 1 . for example driven by an engine of a 20 
vehicle, on which shaft a primary pulley is fitted, which 
pulley consists of a fixed and a movable conical sheave 
2, 3. The sheave 3 is coupled to the piston of a hydraulic 
cylinder 5 which encloses the cyHnder space 4. The 
sheave 3 can theretore be moved by supply or dis- 2s 
charge of medium by way of the fine 6. The transmission 
also comprises a secondary shaft 7, which Is con- 
nected, for exanple by way of coiplings, to the wheels 
of the vehicle. The shaft 2 is also provided with a sec- 
ondary pulley, consisting of a fixed and an axially mova- 30 
ble conical sheave 8, 9. The sheave 9 is integrally 
coupled to the hydraulic cylinder 1 0, in which the piston 
1 1 is connected to the secondary shaft 7, whereby the 
cylinder space 12 is enclosed. Medium can be supplied 
to and discharged from the space 12 by way of the line 3s 
13. An endless transmission element, such as a push 
beK or chain or the like, is fitted over the primary and 
secondary pulleys. The radius of the drive belt 14. and 
therefore the transmission ratio, can be varied by mov- 
ing the conical sheaves 3 and 9 axially. The axial move- 40 
ment of the conical sheaves Is produced by supply or 
discharge of medium to or from the cylinder spaces 4 
and 12. The medium in the cylinder space 12 must be 
able to exert sufficient pressure on the belt 14 to prev&it 
slipping of the belt between secondary and primary pul- 45 
leys. 

The pressure and the volume flow in the lines 6 and 
13 to the cylinder spaces 4 and 12 are controlled by the 
control unit 18. Said control by the control unit 1 8 occurs 
depending on a multiplicity of variables (VI -Vn). such so 
as the transmission ratio i. the speed of rotation of the 
primary (np) and secondary {n^ shafts, tfie vehicle 
speed V. accelerations a1 and decelerations a2 of the 
vehicle, position p of the accelerator, and temperature T 
of the medium. Medium is supplied to the control unit 18 55 
by way of a line 14 from a pumping unit 15 which is con- 
nected by way of a filter 19 to the resen/oir 16. The 
medium can be kept at a particular pressure by means 
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of the pumping unit 15. Any excess medium is returned 
by the control unit by way of ttie discharge line 17 to the 
reservoir 16 or to the pumping unit 15. Of course, pres- 
sure and/or flow regulating valves which interact with 
the lines 6 and 13 respectively leading to the primary 
and secondary pulleys can be provided In the control 
unit. 

In certain operating conditions of the motor vehicle, 
such as at high engine speeds, high speeds of rotation 
of the pump shaft can also occur. Where the pumping 
urat consists of a single pump, the abovementioned 
problem will tiien occur, namely that cavitatkm in the 
volume flow occurs as a result of the fact that the suc- 
tion pressure at the inlet side of tiie pump becomes 
lower than the vapour pressure of tiie medium. This pro- 
duces vapour bubbles which do not have time to dis- 
solve gradually when the medium is placed under 
pressure, but on the contrary, implode. This produces 
not only a high and disturlnng noise level, but also 
greatly increased wear. The abovementioned problem 
of a steep pressure gradient ^ling upon the single 
pump can also occur, again resufting in a disturiaing 
noise level. 

In the case of the solution according to the inven- 
tion a separate booster pump is now connected in 
series In the pumping unit 15 of Rgure 1. The medium, 
for example oil. from the reservoir 16 is consequentiy 
brought to a low pressure of. for example between 1 and 
1 .5 to 2 t>ar k)y the booster pump. The delivery side of 
tiie first or booster pump is connected to tiie suction 
side of the second punp, which therefore has a suction 
pressure whk^h is higher than the suction pressure of 
the first or booster pump. The seisond pump takes the 
medium furtiier to the pressure level of, for example, 8 
to 80 bar required by the transmission. However, tiie 
design can also be such tiiat the medium is brought by 
the first pump to a higher pressure which is, for exam- 
ple, half or anottier partial value of the final pressure 
required at the outiet or delivery side of the pumping 
urnt, and ttiat ttie second pun^ proves the other half 
or completing partial value of the pressure inaeasa 

Figure 2 shows an embodiment according to the 
Invention, This embodiment shows the abovementioned 
case where ttie first or booster pump and the second 
pump consist of pump parts of one pump. This punp 21 
sucks medium by means of the pump part 25. 26 out of 
the reservoir 1 6 by way of the fitter 1 9 and Gne 20 to inlet 
25. From tiie outiet 26 the mediunri is pumped on at a 
k>w pressure such as 1 .5 to 2 bar to the switch valve 29 
by way of the line 30. Owing to the fact that ttie switch 
valve 29 is in the switching position shown in Rgure 2. 
in which tiie switching element 34 is taken into the left- 
hand position against tiie spring pressure of the spring 
38 by the oil pressure in the line 37. the medium is sup- 
plied from the line 30 by way of the line 31 to the inlet 24 
of tiie pump part 24. 27. In the outlet line 28, tiie 
medium supplied under tow pressure is brought by the 
second pump part to the higher pressure required for 
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the transmission. 

The pressure level present in the line 28 at the 
delivery side of the pump part 24. 27 is regulated in this 
series connection by a pressure-regulating valve of the 
transmission, not shown in any further detail. s 

It goes without saying that in this series position the 
delivery pressure of the first or booster pump must be 
greater by a certain minimum value than the vapour 
pressure of the medium, in order to prevent vapour bub- 
bles from occurring In the suction path of the second io 
pump. This means that no cavitation can occur in the 
second pump, so that the noise level of the punping unit 
is reduced at high speeds and wear Is prevented, tf this 
first or booster pump has a greater stroke volume than 
the second pump (inter alia, necessary on account of is 
possble leakage tosses in the first pump), the excess 
medium can be discharged by way of a one-way valve 
or pressure-regulating valve to the reservoir or to a 
channel at low pressure, such as a lubricating ctrcurt or 
cooling circuit of the transmission. In the figure this 20 
pressure-regulating or one-way valve 33 is accommo- 
dated in the line connecting to the suction line 20. 

When a one-way valve 33, for example a ball valve, 
is used, the pressure level at the delivery side of the first 
pump part can also be regulated. The valve 33 in this 25 
case <ian be a simple ball valve, by means of which the 
pressure at the outlet or delivery skle of the first pump is 
set to, for example, 1.5 to 2 bar. However, the valve can 
also be an internally or extemaUy adjustable pressure- 
regulating valve by means of which the pressure at the 30 
delivery side of the first pump is brought to a value in a 
range of, for example, 4 to 40 bar, while the second 
pump ensures that the remaining pressure inaease is 
brought to a value in a range of. for example, 8 to 80 bar. 
The pressure-regulating valve 33 can in this case be set ss 
from the control unit 18 by way of a connection which Is 
not shown in any further detail. The valve can also be fit- 
ted between the suction line 24 and the suction line 25 
in the pump housing of the two pump parts or in the 
switching element 34 of the valve 29. 40 

If in certain operating conditions the abovemen- 
tioned series connection gives too little output to be able 
to meet the requirement of the transmission, in particu- 
lar at tower speeds of rotation, when cavitation prob- 
lems do not play a role, the switch valve 29 is set in the 4S 
right-hand position Indicated in Figure 3 under the influ- 
ence of the control of the control unit 18. 

For this purpose, the oil supply in the line 36 is shut 
off. possibly by way of an on/off solenoid 35. so that the 
spring force on the left-hand side of the switch valve 29 so 
takes over and forces the switching element 34 into the 
right-hand position. In this embodiment, as indicated In 
Rgure 3. the supply line 20 is connected txyth to the Inlet 
25 and to the inlet 24 by way of the diversion 22, 32 and 
3 1 . In this parallel connection the suction line or inlet of ss 
the first or booster pump 25, 26 is therefore connected 
to the suction line or inlet of the second pump part 24, 
27. The delivery tine or outlet of the first or booster 




910 A1 6 

pump is also connected to the delivery line or outlet of 
the second pump. In the case of this parallel connec- 
tion, which is necessary only in a small part, for example 
5%, of the total operating time, a high volume flow is 
provided. As in the case of the series connection in Fig- 
ure 2, the pressure level at the delivery side of the first 
and second pump parts in the line 28 is regulated by a 
pressure-regulating valve of the transmission which Is 
not shown in any further detail. 

Fgure 4 shows a section of a variant of the switch 
valve 29. in which the abovementioned pressure-regu- 
lating valve of the first pump is accommodated as a ball 
valve 39 in the switching element 34. It goes without 
saying that the valve 33 shown in Figures 2 and 3 then 
becomes unnecessary. In addition, the tines 28. 30, 31 
and 32 must be connected to the valve 29 in a different 
sequence. 

The individual pumps or pump parts can be 
designed with a constant or with a variat)ly adjustable 
stroke volume. The pumps or pump parts can either be 
driven directly or by way of a coupling with a specific 
transmission ratio by a drive unit such as the internal 
combustion engine of the motor vehicle. It is also possi- 
ble to drive at least one of the Individual pumps electri- 
cally. 

Rgure 5 shows the volume flow or delivery of the 
pumping unit as a function of the speed of rotation of the 
pump shaft In this figure the line 40 Indicates the vol- 
ume flow delivered by the two pumps connected In par- 
allel (for example, in l/min). while the line 41 indicates 
the volume flow delivered t>y the two pumps connected 
In series. If. as mentioned eariier. a higher output is nec- 
essary, it is possible to switch over from series to paral- 
lel connection, as shown, for example, at speed of 
rotation A. 

Claims 

1 . Continuously variable bansmission, in particular for 
a motor vehicle, provided with a primary pulley 
mounted on a primary shaft, a secondary pulley 
mounted on a secondary shaft, a drive belt running 
over both pulleys, each pulley comprising two 
sheaves, one of which Is nmable axially relative to 
the other under the influence of a hydraulic cylinder, 
for setting the transmission ratio, a punping unit 
with at least one pump for delivering hydraulic 
medium to the hydraulic cylinders, and a control 
unit for controlling the pump delivery depending on 
the operating conditions of the transmission, char- 
acterized in that the pumping unit comprises at 
least two pumps, the first of which serves as a 
booster pump for the second pump connected in 
series. 

2. Continuously variable transmission according to 
Claim 1. provided with a switch valve by means of 
wNch. under the control of the control unit the two 
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punps can be switched over from series connec- or more pumps, 

tion to parallel connection if the volume flow of the 
medium required by the transmission is greater 
than the available volume flow in the series connec- 
tion. 5 



3. Continuously variable transmission according to 
Claim 1 , provided with a pressure-regulating valve 
which is connected to the outlet of the first punp, for 
regulation of the pressure at the first pump and dis- io 
charge of surplus medium from the first pump. 



4. Continuously variable transmission according to 
Claim 3, in which the control unrt controls the pres- 
sure setting of the pressure control valve. is 

5. Continuously variable transnnisslon according to 
Qaim 3, In which the pressure-regulating valve is 
fitted in the pump housing of the pump(8). 

20 

6. Continuously variable transmission according to 
Claim 3. in which the pressure-regulating valve is 
fitted in the switch valve. 

7. Continuously variable transmission according to 2S 
Claim 3, in which the pressure-regulating valve is in 
the form of a one-way valve. 

8. Continuously variable transmission according to 
Claim 1 . in which the pumps can be either separate so 
pumps or pump parts within a pump. 

9. Continuously variable transmission according to 
Claim 1, in which one or both punrps are either 
driven directly or by way of a transmission with a 3S 
specific transmission ratio by a drive motor of the . 
motor vehicle. 

10. Continuously variable transmission according to 
Claim 1 . in which at least one pump is driven elec- 40 
trically. 

11. Continuously variable transmission aocading to 
one of the preceding claims, in which the first pump 
has a greater stroke volume than the second pump. 4S 

12. Continuously variable transmission according to 
one of the preceding claims, in which tiie pumps 
have an adjustable stroke volume. 

50. 

13. Continuously variable transmission according to 
Claim 3. in which the discharge of excess medium 
from tiie first pump is returned to a channel at low 
pressure, such as a lubricating circuit or cooling cir- 
cuit, of tiie transmission. . 55 

14. Continuously variable transmission according to 
Claim 1 . in whtoh ttie pumping unit comprises three 
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